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ABSTRACT 



(List continued on next page.) 



This is a device for percutaneous tissue sampling or exci- 
sion. In particular, it uses an expandable ring cutter which 
produces an accurately located, discrete tissue mass that is 
removable through a comparatively much smaller access 
member. The tissue mass is easily reconstructed to its 
original form and orientation once taken from the body for 
further study. 

57 Claims, 14 Drawing Sheets 
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EXPANDABLE RING PERCUTANEOUS 
TISSUE REMOVAL DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of U.S. patent applica- 
tion Scr. No. 09/184,766, filed Nov. 2, 1998, now U.S. Pat, 
No. 6,036,698 which is a continuation-in-part of U.S. appli- 
cation Sen No. 09/183,590, filed Oct. 30, 1998, now aban- 
doned the entirety of which are hereby incorporated by 
reference. 

FIELD OF THE INVENTION 

This invention relates to a device and to a related proce- 
dure for percutaneous tissue sampling or excision. In 
particular, it uses an expandable ring cutter which produces 
an accurately located, discrete tissue mass that is removable 
through a comparatively much smaller tissue access device. 
The tissue mass maintains orientation once taken from the 
body for further study. 

BACKGROUND OF THE INVENTION 

Despite the advances made in technologies such as medi- 
cal imaging to assist the physician in early stage diagnosis 
and treatment of patients with possible atypical tissue such 
as cancer, it is still often necessary to sample difficult-to- 
reach organ or tissue lesions by biopsy to confirm the 
presence or absence of abnormalities or disease. 

A disease for which biopsy is a critical tool is breast 
cancer. This affliction is responsible for 18% of all cancer 
deaths in women and is the leading cause of death among 
women aged 40 to 55 . As with many diseases and other types 
of cancer, early detection and diagnosis of breast cancer is 
critical in providing the best chance of survival. 

In the majority of cases, detection of the disease is first 
made when a patient discovers a palpable mass through 
self-examination and consults her physician. For breast 
lesions that are more difficult or impossible to detect through 
palpation, diagnostic techniques such as x-ray mammogra- 
phy and, more recently, digital mammography, and scin- 
tamammography are invaluable. Other techniques such as 
ultrasound, magnetic resonance, the Dilon gamma camera, 
position emission tomography, MIBl, computed topography, 
fluoroscopy, thermography, transillumination and diaphan- 
ography can also be used to help determine the presence and 
nature of suspect tissue. 

Of these technologies, the primary clinical diagnostic tool 
for the detection of breast cancer is x-ray mammography. 
Over 15 million mammograms are performed each year in 
the United States alone. Mammography uses x-rays to image 
breast tissue, identifying areas of high density as possible 
lesions. 

Unfortunately, the limitations of technologies such as 
mammography in accurately detecting precancerous or can- 
cerous lesions in the breast are significant. Among these 
limitations is the fact that only one out of every five lesions 
discovered through x-ray mammography proves to be can- 
cerous. Roughly 25% of women have dense breast tissue, 
which is notoriously difficult to inspect via mammography. 
Also, mammography is generally less effective for women 
under 40 years of age. For younger women, therefore, 
self-examination for palpable lesions or ultrasound exami- 
nation is important. However, neither of these techniques is 
able to detect microcalcifications, important possible pre- 
cursors to cancer. 
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As long as there is a degree of uncertainty associated with 
these various diagnostic techniques, biopsies must be per- 
formed to sample the suspicious tissue to determine its exact 
nature and pathology. 

5 In the detection and treatment of breast cancer, there are 
two general classes of biopsy: the minimally invasive per- 
cutaneous fine or core needle biopsy and the more invasive 
surgical or "open" biopsy. 
Open biopsies, both incisional and excisional, are advis- 

10 able when suspicious lumps should be removed in their 
entirety or when core needle biopsies don't give complete 
information about the nature of the lesion. 

One such type of open biopsy is the wire localization 
biopsy. This procedure includes the following steps: first, a 
radiologist inserts a wire into the breast under x-ray guid- 
ance to mark the location of the suspect tissue. The tissue is 
then removed by a surgeon for examination by a pathologist. 
Although large tissue samples are removed by this 
technique, the risk of permanent disfigurement, the attendant 

20 morbidity and mortality risks associated with surgery, and 
long hospital recovery times are but three of the many 
disadvantages associated with open surgical biopsies. 
Of the less invasive class of percutaneous biopsies, the 

25 least invasive is known as a fine needle biopsy. For palpable 
lumps, a physician inserts a needle and syringe directly into 
the lump to obtain a cell sample which is then examined by 
a cytologist. For non-palpable lesions identified by x-ray 
mammography or other diagnostic tool, fine needle biopsies 

30 are often performed under stereotactic or ultrasonic guid- 
ance. Here, multiple mammograms are taken of the breast 
and the images are analyzed by a computer to determine the 
location of the suspect lesion in three dimensions. The 
physician then penetrates the breast with a needle, targeting 

35 the suspect region and removing a small number of cells. 
There are two significant drawbacks to fine needle biopsy 
techniques: first, several specimens must be taken to ensure 
the lesion is we 11 -sampled. Secondly, the limited size of the 
specimens obtained under fine needle biopsy dictate that a 

w skilled cytologist be involved to analyze the suspect cells out 
of context of the surrounding healthy tissue. 

A second type of percutaneous needle biopsy used to 
obtain a larger specimen is known as a core biopsy. With this 
procedure, a larger needle is inserted into the breast via an 

45 incision in the skin under stereotactic or ultrasonic guidance. 
A spring-loaded device is then fired into the breast to obtain 
a single core sample of tissue, preferably through the center 
of the lesion. The larger specimen size (up to 20 mm in 
diameter) obtained by this technique can be more accurately 

50 read by a pathologist, who can analyze the suspect cells in 
the context of the surrounding tissue. Examples of such 
devices are described in U.S. Pat. No. Re. 34,056 and U.S. 
Pat. Nos. 4,944,308 and 4,953,558, the entirety of which are 
hereby incorporated by reference. 

55 Traditionally, as with fine needle biopsies, core biopsies 
require multiple core samples, typically four to twenty, to 
ensure an accurately representative sample of the suspect 
region is profiled. This means that as many as twenty 
separate needle insertions must be made into the breast 

60 through the skin. 

More recently developed needle biopsy technologies are 
directed to solving this problem by allowing multiple 
samples to be obtained through a single incision, such as that 
described in U.S. Pat. Nos. 5,709,697 and 5,782,775, the 

65 entirety of which are hereby incorporated by reference. One 
such technology, described in U.S. Pat. Nos. 5,526,822, 
5,769,086, and 5,775,333, the entirety of which are hereby 
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incorporated by reference, utilizes a trocar- tipped probe FIGS. 9 A to 9B show perspective and cross-sectional 

which is positioned in the breast under stereotactic or views of a ribbon cutting member, having a leading edge 

ultrasonic guidance to align the suspect lesion with an serrated cutting surface, in an expanded configuration, 

aperture that extends along a specified length of the probe. Figures 10A to 10B show perspective and cross-sectional 

The tissue is then aspirated into the aperture where a rotating 5 views of a ribbon cutting member, having a mid-span 

cutter in the probe is advanced distally to cut and capture serrated cutting surface and a leading edge knife-edge 

tissue specimen into the probe lumen. The cutter is then cutting surface, in an expanded configuration, 

withdrawn, transporting the specimen to a tissue collection FIG. 11A is a side view of a typical endoscopic snare 

chamber. Next, the probe, which is still in the breast, is suitable for use in grasping the removed tissue in accordance 

radially rotated in position through a desired angle to align 10 ^ this invention. FIG. 11B shows a harpoon spear which 

the aperture with another target tissue area. The steps of ^ also su itable f or accessing and grabbing tissue for use in 

rotation, cutting, and collection, which can be automated rem0 ving selected tissue when using this device. FIG. 11C 

and assisted by vacuum, are repeated until the desired ^ an expandable braid and optional allied hook also suitable 

number of samples is obtained. for retrieving tissue using this invention. 

Although this type of device requires only a small, single 15 piG u shQws & p^.^y sheath cove ring for the 

incision to obtain a number of core samples, each sample is expandable tubular tissue removal member, 

still limited in size requiring excision of multiple specimens nGS m 13p shQW ia[ tive and side 

for accurate pathologic diagnosis. As with other percutane- viewg of variations of the mvention havi a tissue 

ous excisional devices in which multiple specimens must be mem b er 

obtained, it is often difficult to reconstruct the spatial loca- 2 ° _ T „ , . 4 - , 

tion and orientation of the suspect tissue as it resided in the FIGS - 14A ^ ou e h f 14F * how » ^'cal P rocedure 

breast prior to excision, resulting in a concomitantly difficult se< l ueDoe usm 8 the mventl0n descnbed herein - 

pathological analysis. DESCRIPTION OF THE INVENTION 

Another type of percutaneous excisional breast biopsy ^ nQted ab ^is invention relates to devices and 

device des Ign ed to first separate healthy tissue from suspect dures for removin ^ , volumes of tissue> , 

tissue prior to obtaining a single suspect t^sue sample : is cal i y breas t tissue, via percutaneous access. The diameter of 

^^l^^ m U ' Sl r at u N ? S- 5 'J u ' 5 ' 197 ' 4 * 4 : the tissue volume removed using this invention is larger than 

and 5,353,804, the entirely ot which are hereby incorporated ^ diameter of , he 

access device. Depending upon the size 

by reference. This device, however, requires the use of a Qf ^ selected) me deyice m be ^ for 
relatively large diameter cannula to obtain an adequate bio ^y ^ mpX&5 QT f 0T GXci ^ ori 0 n MgQT ^ 0UD{S o{ ^ 
specimen size. containing "suspicious areas" or tumorous masses. Because 
What is needed is a small-diameter percutaneous exci- of tne metnod in which the device operates, the trauma 
sional biopsy device that allows a physician to obtain, in a caused by removal of the chosen volume is significantly 
minimally invasive manner, a relatively large tissue sped- ^ lessened as compared to other available devices. This trans- 
men through a small incision. Further, what is needed is a lates t0 minimized recovery time, little-to-no scarring, lower 
device that can obtain a specimen large enough for a risk for infection and hemotoma formation, and other advan- 
complete, accurate and satisfactory pathologic tages when compared to conventional processes. Although 
determination, obviating the need for obtaining multiple the devices and procedures described and claimed herein are 
core specimens and reconstructing them ex vivo. ^ pre ferably utilized in the removal of suspect breast tissue, 
BRIEF DESCRIPTION OF THE DRAWINGS they are not so limited. These devices may also be effec- 

, . „ . tively used for in number of other areas of the body, such as 

FIG 1 shows an assemblage of the components, as in a ^ ^ , fa nodes> and ±e ^ , n d 

kit, which make up the inventive tissue removal assembly. any 0fgan Q / pOTXioa of the body where minimaUy inV asive 

FIGS. 2A to 2J show variations of the tissue removal techniques such as herein described, where a relatively large 

member and their relation to the expandable cutting mem- Ussue sp e C i me n is obtained through a small incision, is 

b er - expressly within the scope of this invention. Therefore, the 

FIG. 3 shows another variation of the tissue removal claims herein should be accordingly read, 

member its associated cutting member and a desirable Ifi ^ the procedure invo l V ed is this: first, a target 

manner for transporting the accumulated tissue for later 5fl ^ mass - g a trocar, localization wire, tubular 

analysis. vessel removal member, and a cutting member are 

PIGS. 4A-4E show various embodiments of a trocar assembled and introduced percutaneously to the vicinity of 

which fits within the tissue removal member and supports ^ volume to be removed. The localization wire penetrates 

the tissue cutting member as it is introduced into the target through the target tissue mass, and the trocar is withdrawn, 

tissue region. 55 cutting member is positioned to excise a generally 

FIGS. 5A to 5C show perspective, side, and end views of cylindrical mass of tissue. The cylinder may be removed as 

a variation of the cutting member in an expanded configu- a single specimen after the cutting is completed or during the 

ration together with first and second access members. s t e p of producing the cut. In addition, the tissue may be cut 

FIGS. 6Ato 6C show perspective, side, and end views of into smaller specimens during the procedure. The step of 

a variation of the cutting member in a collapsed configura- 60 cutting may be variously assisted by the use of radio 

tion together with first and second access members. frequency (RF) energy, ultrasound, mechanical energy such 

FIGS, 7A to 7B show perspective and cross-sectional as cutting, vibrating and rotating, or any combination 

views of a wire cutting member in an expanded configura- thereof. 

tion. FIG. 1 shows, in generic fashion, the components typi- 
FIGS. 8A to 8B show perspective and cross-sectional 65 cally used in the inventive procedure. Tissue removal mem- 
views of a ribbon cutting member, having a leading edge ber (100) is shown in FIG. 1 as typically having a single 
knife-edge cutting surface, in an expanded configuration. lumen. This lumen is for both the removal of excised tissue 
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from the targeted body site and for positioning the cutting possibly cured with coating materials such as high- 
member (300), as will be discussed below. The trocar (200), elongation silicone or room-temperature vulcanizing rubber 
which fits within the larger lumen in tissue removal member or the like. Such coatings generally serve to enhance the 
(100), is also shown. Trocar (200) is used to penetrate the functionality of tissue removal member (100) without sac- 
skin and tissue and thereby to position the distal end of the 5 rificing its performance characteristics, such as radial 
tubular tissue removal member (100) in the region of the expandability. 

tissue volume to be removed. FIG. 2B shows a similar tissue removal member (110). In 

* . u /mm a** u j. this variation, the small lumen tubular portion (112) is not 

FIG. 1 shows a typical cutting member (300). Attached to „ . . . ' . . , . .... , ^ , ' u 

, /™a\ l r* /Ann\^ t* • n exterior to but is instead within the large lumen member 

cutting member (300) arc two shafts (400) that typically are (m) A m ^ ^ member {m) ^ Q0Wn aUached to 

placed within the smaller lumen of tissue removal member W ^ ^ * extending from the small lumen 

(100). One shaft is typically rotationally fixed, while the mbular mcmber (H2) 

other shaft is typicaUy axially rotatable so that cutting FIG. 2C shows a more typical variation in which the 

member (300) can assume a collapsed low-profile configu- cutting member (not shown) and its two attendant shafts 

ration or, upon axial rotation of one of the shafts (400), the ( 402 ) ( (494) ^ disposed in the tissue removal member 

expanded configuration as shown in FIG. 1. Cutting member 15 (120) having only a single lumen member (122). This simple 

(300) will generally assume a collapsed configuration (not variation is less complex and more suitable for use when the 

shown) while in the lumen of tissue removal member (100). tissue removal member (120) is elastically expandable as 

As the cutting member shafts (400) and cutting member described below. 

(300) situated in the lumen of tissue removal member (100) FIG. 2D is a partial cutaway of another variation of the 

are advanced distally out of tissue removal member (100), 20 tissue removal member (130). In this variation, the tubular 

the rotatable shaft is rotated to expand the cutting member portion (132) of the removal member is elastically expand- 

(300) as it advances, cutting through tissue so that a gener- able. This is depicted by the expanded portion (134) shown 

ally cylindrical or football-shaped mass of tissue is cut at the in FIG, 2D. An expandable outer tubular section is suitable 

chosen site. The lesion or tumor is targeted so that it is with any of the variations described above. This variation, 

situated within that chosen cylindrical or football-shaped 25 however, is expandable due to the use of a woven braid 

region. (136) and an elastomeric polymer forming the outer layer 

AA „. j* « 1 a c *u t - • A ^ (138) of the device. An optional inner layer (140) is also 

After cutting the distal end of the tissue specimen to ^ ^ m FIQ 2Q faut £ guch ^ ^ ^ ^ Q 

excise it, the tissue is then removed from the body by any ob !; iousl absolutely ncccssar y. It is convenient and 

number of methods such as, for example, use of a removal desirable however 

member (500) such as that shown in FIG. 1. Des ^ b ^^ FIG. 2E is yet another variation of the tissue removal 

tissue is placed in tissue collection chamber assembly (600) member (14Q) ' In ^ ^ liati the tubular portion (142) is 

for later study. Additional tissue specimens can also option- ^ expandable in the same way as described above, 

ally be removed from ^the , body site if desired. The tissue ^ ^ end (144) of mbular ioQ (M2) ^ ho 

removal member (100) is then removed from the body site. ^ aUached {q J^gncmb* ^ and member (140) is 

Generally, the region to be excised is identified using partially covered by sheath (145) as will be described later, 

stereotactic, ultrasonic, or other indexing apparatus as is Tubular tissue removal member (140) may be attached to 

well known in the art. It is typical that the advancement of cutting membe r (300) by any conventional means. For 

the cutting member (300) is controlled using a controller box instance, they may be joined mechanically or joined inte- 

(700) such as that depicted in FIG. 1. 4Q graUy f rom identical, similar, or dissimilar materials, such as 

Tissue Removal Member metal or plastic. Further, an additional joining member (not 

FIG. 2A shows a variation of the inventive tissue removal shown) may serve to join tubular member (140) to cutting 

member (100). This variation includes a larger lumen mem- member (300). It is important, regardless of the joining 

ber (102) and a smaller lumen member (104) which is means or method, that cutting member (300) be allowed to 

exterior to large lumen member (102). An expandable cut- 45 expand and contract with rotation of one of the shafts (402) 

ting member (300) is shown attached to shafts (402) and and (404) as will be described in detail later. This embodi- 

(404) extending from small lumen member (104). Central to ment is characterized by the fact that expansion and con- 

this invention is the concept that the cutting member (300) traction of cutting member (300) will concomitantly expand 

is capable of excising a tissue specimen which is signifi- and contract the distal end (144) of the tubular tissue 

cantly larger in diameter than is the large lumen member 50 removal member (140). In this way, as a tissue specimen is 

(102) of the tissue removal member (100). Tissue removal cut by cutting member (300), forward advancement of the 

member (100) can be constructed from any of a large cutting member (300) will allow the tissue removal member 

number of polymers typically used in this service, e.g., distal end (144) to assimilate a tissue specimen as tubular 

NYLON, reinforced NYLON, polypropylene, polyethylene- portion (142) expands to accommodate the tissue specimen 

terephthalate (PET), polyesters, polyethylene, fluorocarbon 55 as it is excised. Such a design enables the device to be fully 

plastics (e.g., TEFLON), etc. The polymers may be rein- operable without the use of a removal member (500) (not 

forced by fibers or filled. As will also be discussed below, the shown), as the entire device may be pulled from the body 

tissue removal member may be reinforced or made radially once the tissue specimen is inside lumen (146) of tubular 

expandable using coils or braids of metals, alloys, or poly- portion (142). This does not mean, however, that the 

mers (natural or synthetic) included in the member. The 60 embodiment of FIG. 2E cannot be used with a removal 

member (100) or braids may be made at least partially member (500); for instance, such a removal member can be 

radio -opaque by introduction of, e.g., powdered tantalum, used to assist removing tissue through the proximal end of 

powdered tungsten, bismuth carbonate, and other known tissue removal member or when multiple tissue specimens 

particulate and fibrous radio-opacifiers. Radio-opaque mark- are to be removed without having to remove the entire 

ers or crimps may singly or additionally be used on member 65 assembly from the body. 

(100) or the braids to serve this purpose. Tissue removal FIG. 2F depicts another variation. Here, the first and 

member (100) may also be partially or entirely coated and second access members, or shafts, (402) and (404), are 



04/14/2004, EAST Version: 1.4.1 



US 6,471,709 Bl 

7 8 

attached to the tubular tissue removal member (140) in the instance, in conjunction with FIG. 2D. As long as shaft (404) 

general proximity of the removal member (140) distal end is rota table as herein described, and shaft (402) is fixed as 

(144). herein described any attachment configuration is acceptable. 

The distal end (144) of member (140) can be split in a FIG - 2J shows a dual-ring configuration in which an 

direction parallel to the longitudinal axis of member (140), 5 aperture (148) exists as described above. A second ring (340) 

creating a longitudinal aperture (148), or gap, and two 15 fi * ed £ the distal end (144) of tubular tissue removal 

attendant edges (150) and (152) in tissue removal member member < 140 ) ^ d n e ^ nbe f f above ^ ,he , cuttm « ^ 

(140). This aperture (148) may extend partially down the b ° We ^ nng ^ 15 n0t tissue : ^ sec H 0Qd 

i *l c i /* jX\ l. * or. in i*i nng (340) provides a removable attachment site for cutting 

length of member (140) as shown in member (300) so that tubular portion (142) may expand and 

as shown m FIG 2G. In either case, shafts (402) and (404) « \^ ^ ^ ^ ^foed herein . 

may be attached temporarily or permanently, to tissue Second ring (34 o) may havc i ls 0 wn shafts (not shown) or 

removal member (140) in the vicinity of edges (150) and may 5c attachcd to shafls (402 ) and (40 4) of ring (300). Ring 

(152). In the case where aperture (148) is partial, as shown (340), when used with radio frequency cutting, may be 

in FIG. 2F, shafts (402) and (404) will align with edges (150) insulated with any acceptable means, such as a coating, or 

and (152) at the distal end (144) of tissue removal member 15 inherently by virtue of its composition, to insulate tissue 

(140), and run generally parallel to edges (150) and (152), removal member (140) from RF energy. Aperture (148) can 

diverging slightly as edges (150) and (152) merge at vertex be partial (shown) or full ( not shown). 

(154). The embodiment of FIGS. 2A-2J may be used with radio 

In the embodiment of FIG. 2G, where the gap (148) exists frequency cutting, mechanical cutting, ultrasound cutting, or 

the entire length of tissue removal member (140), the shafts 20 aQV combination thereof. The relatively large aperture (148) 

(402) and (404) can be connected at edges (150) and (152) shown in FIGS - 2F » 20 and 2J fc obviously exaggerated for 

or at least substantially parallel to the edges. However, it is Purposes of clarification, 

within the scope of the invention that shafts (402) and (404) Tissue Collection Chamber Assembly 

need not be so configured with respect to edges (150) and is FIG 3 shows anothef variation of the inventive tubular 

(152) for the device to work properly. tissue remova l member (160). Of particular instance in this 

As will be described in greater detail, one of the shafts variation is the presence of a receiver, or tissue collection 

(402), or access members, is preferably rotatably fixed. chamber assembly (162) situated at the proximal end of the 

Likewise, the other shaft (404) is preferably axially rotatable tubular tissue removal member assembly (164). 

so that it may expand and collapse cutting member (300), 3Q Of special interest is the tissue collection chamber, or 

and in the case of the FIGS. 2E-2G embodiments, some or specimen collector (166) which may be fitted within tissue 

all of tissue removal member (140). The entire device may collection chamber assembly (162). The position of the 

also be axially rotatable about the tissue removal member tissue cutting member (300) can be indexed with the posi- 

(140) longitudinal axis (not shown). tion of the tissue collector (166) so that as the tissue is 

In the FIG. 2F embodiment, the aperture (148) acts to 35 removed through the tubular tissue removal member (164), 

facilitate collapse of cutting member (300) in that rotation of it ultimately resides in the tissue collection chamber (166) in 

shaft (404) will also collapse tissue removal member (140) the very position as found in the chosen collection site 

so that the aperture (148) reduces in size as edges (150) and within the body. A cap (168) for the tissue collection 

(152) move closer, meet, or even substantially overlap along chamber (166) is also shown. 

all or a portion of their length. Expansion of cutting member 40 Tissue collector (166), which can accommodate the vari- 

(300) and tissue removal member (140) by axial rotation of ous instruments herein described, can also be marked as 

access member (404) in the opposite direction, as explained appropriate for indicating the orientation of the tissue speci- 

in detail later, will likewise act to expand member (140), men. For instance, either or both distal end (174) or proximal 

widen aperture (148), and move edges (150) and (152) end (176) of the collector (166) or cap (168) may be marked 

further apart. 45 with words such as "top", "bottom", "front" and "rear" or 

When gap (148) takes on the form shown in FIG. 2G, the like; symbols may be used as well. Likewise, one or 

rotation of shaft (404) will uniformly cause tissue removal more sides of the collector (166) may be marked to indicate 

member to collapse in a manner similar or identical to tissue orientation as shown in FIG. 3. Although not shown, 

cutting member (300), such that edges (150) and (152) close cap (168) could alternately be located on the opposite end of 

aperture (148) by moving together as edge (152) collapses in 50 collector (166), or collector (166) could have two caps, 

on itself (FIG. 2H) or, alternatively or in conjunction with Additionally, a label (170) may be placed on the tissue 

the movement described immediately above, the entire edge collector (166) to indicate particular information about the 

(152) is translated to close aperture (148) and move edge specimen, the patient, or the conditions of the procedure; 

(152) closer to, or overlap, edge (150) (FIG. 21). This e.g., identification number/name of patient, physician, date 

complex movement of edges (150) and (152) by axial 55 of procedure, left or right breast, special instructions, etc. 

rotation of access member (404), translation of access mem- Tissue collection chamber assembly may have at least one 

ber (404) with edge (152), singly and in combination with port (172) to accommodate the various instruments herein 

one another or with rotation and translation of the entire described, as well as a tissue specimen. Port (172) is aligned 

assembly, in conjunction with cutting member (300), pro- with tissue collection chamber (166) so that a tissue sample 

vides a wide variety of configurations and tissue excision 50 may enter chamber (166) therethrough. Either or both distal 

capabilities, the entirety of which are within the scope of this or proximal ends (174) and (176) of chamber (166) may 

invention. define a port (172) for the same purpose as described above. 

Shafts (402) and (404) may be fixed, temporarily, remov- Either or both tissue collection chamber assembly (162) 

ably or permanently to tissue removal member (140) in a and tissue collection chamber (166) may be partially or 

wide variety of configurations, such as in the lumen (146) 65 wholly transparent to x-ray or other energy so that the 

side of member (140), on the exterior side of member (140), instruments and tissue specimens may be visible there- 

and within the structure of member (140) as described, for through. 
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Trocar And Localization Wire natural position for the blade (234) when the trocar (200) is 

^, , . , . ... r . ■ extended distally out the distal end (144) of tubular tissue 

The trocar used in this assemblage * preferably one remova , member (14Q) 

which fits within the inner lumen of the tubular tissue . . 

removal member. This permits the trocar to carry that . "P°E proximal retraction of trocar (200 as shown in 

member as it penetrates the outer skin and the tissue on the 5 FI °^' b1 ^ < 234) proximal c °t (2 ?, 6 > 7 11 " c ga8 ° uf!? 
pathway to the selected site. The trocar used in this invention < 144 > of tissuc remova i ™ mb " ^ and Eorcc *? lad ' 

may simply be one having a sharp mechanical cutting 234) to retract mto trocar (2()0) and lock against an opttonal 

surface or may be connected to one of any of known RF ock »>g P' n C 238 ) ****** means * °<* c \ 01 

sources which generates energy for cutting tissue and. ln latcb ) lDt0 ! roc » ( 200 )' a llowul 8 trocar (200) to further 

perhaps, cauterizing it as the initial incision is made. 10 m . ove proxmitlly into tissue removal member (140) 

- . . < * ■ r likewise, distal movement of trocar (200) out distal end 

HGS ,^ Sh ^l ' ' yP1Ca • n desir »ble, variauon of a (144) of mefflbcr (140) frees Wade (234) , 0 asswne i(s 

trocar (200) which is especiaUy suitable for use in this biased, deployed position as shown in FIG. 4D. Locking pin 

assembly. Specifically, trocar (200) has a sharp leading (23g) {& ^ for , hc jon of ^ ^ {m) 

pomted end (202), a sharp cutting edge ; (204) and, desirably, 15 of nGS 4D _ E; b , ade (234) cm retracted entird b 

two longitudinal grooves (206) and (208) extending along a e , ^ ^ end (144) of membcr (140) 

portion or all of the exterior surface (210) of trocar (200). °° , . . „ . . . 

Grooves (206) and (208) are sized to accommodate shafts Trocar (200) can be made partially or ent^ely of stainless 

(402) and (404) (not shown) when trocar is extended ^.^^^^J^^^^^ 1 ^: 111 

through tissue removal member (140) so that a low-profile 20 addition proximal end I (238) of trocar 200) can be option- 

configuration may be accomplished to allow deployment of aUv made u of , an y su ' table b 1010 ?'* 11 * ulert P lasUc and 

trocar (200), shafts (402) and (404), and cutting member J omed t0 the ^ end bv ^ smtable means - 
(300) (not shown) in a smooth fashion. Access and Cutting Members 

Additionally, trocar (200) may contain one or more trans- . , , ...... 

■ . «, « r • .u ..• u . .u The cutting members discussed herein are all similar in 

verse slots (212) for carrying the cutting member to the 25 ... . . 6 ... ,, ■ .. r 

. . v '. i~.S. . , .• ,1 , that each have a cutting surtace, i.e., the portion or the 

selected tissue site. Slot (212) can extend partially along ... f. ' £ . . . 

* , ; ' ,,„„.. . . .,? device which meets the tissue and cuts a path whether that 

exterior surface (210) of trocar (200), in conjunction with , . , . . . . ... . . f . . . 

. . . v . ' . . ,\ " /-.aav ,» path is made by a mechanical cutting as with a knife blade 

another slot or extend complexly around trocar (200) to P madc an R | or ene 

hold the entu-e cutting ring (300). ^ ^ member may be aUached tQ an Rp Qr 
FIGS. 4B-4C show another desirable variation of trocar 30 ultrasound source or may be made up of mechanical cutters 
(200). Here, the trocar (220) contains two longitudinal Qr may be combinations of those. Often, the members are 
grooves (226) and (228) along with slots or grooves (230) mec hanically vibrated or rotated to produce a cutting 
for carrying cutting ring and its shafts as described above. mot i 0 n. The tissue itself can also be vibrated to produce a 
However, trocar (200) additionally contains an aperture differential motion between the tissue and the cutting surface 
(232) defined in the interior of the trocar along the trocar 35 to create a mechanical cutting motion, 
longitudinal axis (234). This aperture (232) is for the con- FIGS 5A _ 5C show perspective, side, and end views, 
tainment and passage therethrough of a localization wire respectively, of a particularly useful configuration for cut- 
(240). un g member (300) and access members (402) and (404) 
Localization wire (240) is used as conventionally known AQ where the cutting member (300) is in its expanded condition, 
to locate the tissue lesion or specimen to be excised during Specifically, FIG. 5A shows a ribbon cutting member (300) 
the initial phase of the excision process. Localization wire fixed at each of its first (302) and second ends (304) to 
(240) is preferably made from titanium, nickel, stainless shafts, or access members (402) and (404). Cutting member 
steel, tantalum, tungsten, or cobalt, and alloys thereof, and (300) may be affixed to access members (402) and (404) by 
more preferably stainless steel or a nickel- titanium alloy. ^ any suitable means, such as welding, soldering, brazing, 
Wire (240) preferably has a diameter of between about 0.005 adhesive or mechanical fastening means such as crimping 
inch to about 0.050 inch, and more preferably has a diameter and the like; likewise, cutting member (300) may be inte- 
of between about 0.010 inch and about 0.025 inch (aperture grally formed with access members (402) and (404) so as to 
(232) is sized to accommodate wire (240)). If not comprised preclude the need for joining them together, 
of a radiopaque material, wire (240) is at least partially 5Q Access members (402) and (404) may comprise a shaft, 
radiopaque. Radiopaque distal tip (242) facilitates tissue wire or rod ( as shown in piGS. 5 and 6), hollow or solid, or 
location and assists the physician user in operating the ^ey may take other forms as suitable for achieving their 
inventive device. intended purpose as described in detail below. Access mem- 
Wire (240) can extend proximally through a tissue bers may be fabricated from various alloys, such as stainless 
removal member, collection chamber and assembly, and 55 steel, or metals such as titanium, platinum, tantalum, cobalt, 
even through a controller box or drive unit (700) for auto- nickel, other suitable biologically inert metals or their alloys, 
mated or manual manipulation. Wire (240) is freely axialiy Especially desired are radiopaque materials, such as stain- 
moveable within trocar (200) and the other devices less steel or platinum and its alloys. In addition, access 
described above. members (402) and (404) may also comprise biologically 
Slightly different slots (230) are shown in FIGS. 4B-C for $0 i° crt polymeric or organic materials or mixtures thereof. If 
accommodating cutting member (300). Also shown are four access members (402) and (404) comprise a metal or metal 
cutting edges (204) for separating tissue. alloy, it is desirable that one or both members be fully or 
FIGS. 4D-E show a desirable configuration for trocar partially coated with, or inserted within, a polymeric layer or 
(200). Here sharp cutting edges consist of a collapsible blade member. Such a layer serves to insulate the access members 
(234) which is biased, by a spring or any other suitable 65 (402) and (404) from RF energy if it is utilized, 
means (not shown), to assume an extended, deployed posi- When compared to FIGS, 5A-5C, FIGS. 6A-6C illustrate 
tion for cutting tissue. This extended position will be the the desired operation of access members (402) and (404) in 
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conjunction with cutting member (300). First access mem- 
ber (402) is desirably, though not necessarily, rotatably fixed 
so that it is not capable of rotation about its longitudinal axis 
(406). This may be accomplished in a variety of ways. For 
instance, it may be manually held from rotating by the 5 
physician user, or it may be permanently or releasably fixed 
in controller box (700) or other suitable apparatus. As a 
result of being fixed, first access member (402) acts to hold 
the first end (302) of cutting member (300) fixed in space 
with respect to the first access member longitudinal axis 10 
(402). This provides a reference point upon which the 
physician user may rely to accurately place the tissue 
removal assembly, and most importantly, cutting member 
(300), at the precise location of the tissue to be excised. 

Second access member (404) desirably is free to rotate 1S 
about its longitudinal axis (408). The axial rotation of 
second access member (404) may be accomplished and 
controlled in a variety of ways, the scope of which is not 
limited by the following examples. For instance, axial 
rotation may be directly controlled manually by the physi- 20 
cian user, or it may be indirectly controlled via controller 
box (700). Such a control device could be activated 
manually, hydraulic ally, or electronically, for instance, by a 
dial, button, switch, or the like. Such a control device 
preferably allows the physician user to incrementally control 25 
the degree of axial rotation of second access member (404) 
depending on a variety of factors such as the preferred 
diameter of the tissue sample to be cut, as will be discussed 
in greater detail below. 

As shown in FIGS. 6A-6C, axial rotation of second 30 
access member (404) results in a likewise rotation of the 
second end (304) of cutting member (300), to which the 
distal end of second access member (404) is affixed. As 
rotation continues beyond 360°, second end (304) of cutting 
member (300) continues to turn in with respect to the first 35 
end (302) such that the diameter D (FIG. 5Q of cutting 
member (300) is effectively reduced to D' (FIG. 6C). The 
degree of rotation is limited only by the physical limits 
imposed by cutting member (300), so that theoretically 
second access member (404) may rotate through several 40 
complete or partial turns, resulting in a tightly wound and 
constricted cutting member (300), whose diameter D' is now 
notably smaller than its original diameter D. 

The rotatability of second access member (404) and, in 45 
turn, second end (304) of cutting member (300) is critical to 
the cutting action of the tissue removal assembly, especially 
in cutting off a distal end of the tissue specimen, such as 
when the device is used with RF energy. 

Although it is desirable that first access member (402) be 50 
fixed as described above, first access member (402) can also 
be free to rotate about its longitudinal axis (406) in the same 
manner as described above with respect to second access 
member (404). In this manner, it is desirable that second 
access member (404) likewise be rotatably fixed about its 55 
longitudinal axis (408) as described above. However, it is 
not absolutely necessary that one access member be rotat- 
ably fixed while the other is not; both access members can 
simultaneously be rotatably fixed or both may be free to 
rotate about their respective longitudinal axes. go 

Further, when not attached to tubular tissue removal 
member (140), both first and second access members (402) 
and (404) are, independently or jointly, moveable in all other 
directions and modes, such as axial translation in a direction 
parallel to their respective longitudinal axes, lateral transla- 65 
tion in any direction not parallel to the same axes, or rotation 
about any orthogonal axis (not shown), for example. This 
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allows for free movement of the independent components of 
the tissue removal assembly by the physician user during 
operation. 

Finally, independent of any of the capabilities mentioned 
above, both first and second access members (402) and (404) 
are jointly axially rotatable about an axis (410) defining the 
center of the cutting ring (300). As the device is moved 
forward to the distal end of a tissue specimen, this capability 
allows the physician user to rotate the entire assembly so to 
assist them in cutting off the distal end of the tissue specimen 
and excising it from the body. 

Turning now to the cutting member (300), FIGS. 7-10 
depict exemplary configurations for a cutting member (300) 
that can be used to cut the desired tissue sample by RF 
energy, ultrasound energy, mechanically, or any combination 
thereof. 

FIGS. 7Aand 7B depict a simple configuration where the 
cutting member (302) has a generally round cross-section. 
When this configuration is used, the cutting member may be 
a solid or hollow wire, shaft, rod, ribbon, or other shape 
approximating a generally round, oval, or square cross 
section. This configuration is especially suitable for RF 
cutting. 

FIGS. 8A and 8B depict a ribbon cutting member (304) 
having a generally rectangular cross section and a single 
knife-edge cutting surface (306). This cutting surface (306) 
assists in cutting tissue upon rotation and axial translation of 
cutting member (304) with respect to the tissue to be 
excised. When used in conjunction with RF energy, a 
sharpened knife edge cutting surface (306) will focus the RF 
energy towards the leading edge of the cutting surface and 
facilitate movement of the device through the tissue and to 
cut off the distal end of the tissue specimen. Cutting surface 
(306) can be on either side of cutting member (304). 

FIGS. 9A and 9B show a ribbon cutting member (308) 
having a generally rectangular cross-section and a serrated 
cutting surface (310) that may be particularly useful in 
combination with a rotating action or vibratory cutting when 
in conjunction with RF or ultrasound energy. This further 
limitation of surface area on the leading edge of the cutting 
member enhances the use of RF energy in the cutting 
member of the inventive device. Serrated cutting surface 
(310) can be on either side of cutting member (308). 

FIGS. lOAand 10B show a cutting member (312) having 
an optional serrated cutting surface (316) extending in a 
direction generally perpendicular from the surface of the 
cutting member (312). This serrated cutting surface (316) 
can be used to assist in cutting tissue in a plane generally 
perpendicular to the length of the tissue specimen, especially 
as the cutting member (312) is expanded by the rotation of 
second access member as previously described. Such a 
cutting surface (316) can also be a smooth knife-edge, and 
can be used in conjunction with one or more cutting 
surfaces, such as knife-edge cutting surface (314). Although 
not shown in FIGS. 10A and 10B, a similar serration can 
additionally or singly exist on the opposite interior surface 
(318) of cutting member (312). 

The ribbon cutting member (300), although shown in 
FIGS. 8-10 as having some type of knife-edge or serrated 
cutting surface, need not have such a cutting surface at all. 
This is especially true when cutting member (300) is used 
with RF energy to cut through tissue. In addition, other 
cross-sectional shapes and cutting surface configurations 
may be used in the tissue removal assembly. 

The material making up the cutting members shown in 
FIGS. 7 through 10 is not central to this invention. The 
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materials may be any of a variety of stainless steels, cobalt, general sense, is a thin covering or tube designed to fit over 

tungsten, titanium, nickel, tantalum, and other alloys typi- the exterior surface of expandable tubular tissue removal 

cally used in this service. member (602) and to hold member (602) in a collapsed, 

Nonetheless, we have found that certain nickel-titanium non-expanded position prior to excision and removal of 

alloys are particularly suitable for use with this device, due 5 u f ue - ^ e "f ? es l, f u , e removal m . ember ( 60 |) m " n /JZ 

to the requirement that cutting member (300) be capable of a . low P, ro f le dun ?/ ,h ? .«« ue f^ 8 ? 10 , 0 ^P^- Sheath (600) 

f . j . • f \j . j also acts to provide additional axial, longitudinal, and tor- 

performing under the conditions of repeated expansion and sk)nal ^ {Q member (602) She ' ath ( * 0) m ^ ^ 

contraction by high radius of curvature bending (i.e rolling ^ * of } he desi fa W describf ^ sheath (600) is 

and unrolling .the device) via axial rotation of second access desiraW ^mptis* of a biologically inert polymer; accord- 

member (404) without inducing strain upon the cutting « ing i y it can comprise any of the materials described herein 

member material. This is also particularly true when the or ^eir equivalents 

blades are used either as simple knife edge cutters or as a Preferably, sheath (600) contains at least one perforation 

combination of RF/mechamcal cutters. This material is (512) running along all or a portion of the length of sheath 

typically a 50/50 molar ratio alloy of titanium and nickel; (600) in a direction parallel to the sheath longitudinal axis 

however, other ratios are within the scope of the invention. 15 (606) from its proximal end (608) towards its distal end 

Closely related alloys are the shape memory alloys which (610). Perforation (612) allows the physician user to 

exhibit superelastic/pseudoelastic shape recovery character- remove, or peel away, sheath from tissue removal member 

istics. These alloys are well-known and are commonly (602) during use so that member (602) may radially expand, 

referred to as "nitinol." See, for instance, U.S. Pat. Nos. An optional handle (614) is located at or near the proximal 

3,174,851, 3,351,463, and 3,753,700, the entirety of which 20 end of sheath (600) to facilitate removing, or peeling away, 

are hereby incorporated by reference. These alloys are sheath (600) at perforation (612). 

characterized by their ability to be transformed from an Tissue Separating Member 

austenitic crystal structure to a stress-induced martensiric ... 

(SIM) structure at certain temperatures, and return elasti- FI ^ S * i^~ 13B shows an optional tissue separating 

cally to the austenitic shape when the stress is removed. 25 member (8 00) spanning the diameter ^of the distal end (804) 

These alternating crystalline properties provide the alloy of expandable tubular tissue removal member (802), Sepa- 

with its super-elastic properties. The nitinol forms of these ralm S member (800) desirab^ is extensible such that when 

alloys are readily commercially available and typically will Ussuc rcmoval mcmbc ' f <?°J) » , lD a ' adialI y °° Ila P sed 

undergo the austenite-SIM-austenite transformation at a V 05 * 1 ™' as shown . m £| G - 13A : 11 bcnds or lapses to 

variety of temperature ranges between -20° C. and 30° C 30 assume a first position. This position is not important; i.e., it 

may be due to separating member containing foldable joints, 

Tissue Manipulation Devices tokin 8 0D a spriog form » or bowing in a proximal or distal 

direction with respect to tissue removal member distal end 

FIGS. 11A through 11C show tissue manipulation devices (804), as long as separating member (800) is capable of 

as may be used in conjunction with the overall assembly. In 35 performing its function described below, 

some instances, it may be desirable to grasp the initial piG. 13B shows separating member (800) in a second, 

portion of excised tissue so to guide it through the tissue extended or expanded configuration where it is generally 

removal member. Depending on which of the configurations straight as it spans the tissue removal member distal end 

of tissue removal member is selected, a choice of one of the (804) diameter. This is the position achieved when tubular 

noted devices may be appropriate. 40 tissue removal member is radially expanded. In all the 

FIG. 11A shows a simple endoscopic grasping device embodiments, separating member (800) can take the form of 

(500) which is readily available on the commercial market. a spring, hollow or solid wire or rod, a ribbon or ribbon-like 

Movement of the scissor-like handle produces a correspond- braid, etc. It may be comprised variously of any of the 

ing movement on the grasping tongs (504). metals or alloys herein described, although it is preferably 

FIG. 11B shows a tissue manipulation device (506) hav- 45 comprised of a nickel -titanium alloy. Separating member 

ing a small wire-like shaft (508) and a harpoon-like end (800) is used in the following manner with any of the 

(510). For the purposes of completeness only, a manipula- variations of the inventive device described herein: as tissue 

tion knob (512) is also included for view. removal member (802) and/or cutting ring is moved forward 

FIG. 11C shows a combination of a braided grasper (520) «? excise a lissue specimen the distal end (804) approaches 

and a hook component (522). The braided tissue snaring 50 me llssue specimen. Rather than assimilating the entire 

device (520) includes a distal woven braid section (524) J™£ specimen whole into the tissue removal member 

which is easily manipulated by the two control wire or rods < 802 )' 11 ma V * d f " ous "> ftirlher cu u l the l f ue ^^f" 

(526) and (528). If necessary, hook (522) is used to pull the int0 two °' more additional pieces so that each or aU may be 

excised tissue into braided cage (524) or to push the braided sequentially or simultaneously removed from the body, 

cage over the excised tissue. The two control wires (526) and ^ Separating member (800) accomplishes this by cutting the 

(528) are used to either expand the diameter of braided cage tissue specimen as it passes proximally through the distal 

(524) or to make thai diameter smaller. Once the tissue is at end of Ussue removal member ( 802 )' 

least partially within the braided cage (524), the device is Accordingly, separating member (800) may comprise a 

removed from the lumen of the tissue removal device. mechanical blade with one or more sharp cutting surfaces, it 

rt4 . r . . j . ■ c ..60 may be attached to an RF energy source via a wire (not 

Other devices for removing excised tissue from the u \ *u * j u j -u j u •* 

, 4 , , ° . , , . shown) or the fixed access member described above, it may 

selected site, such as vacuum or suction assisted removal, . 44 ' . 4 l4 , ' . * 

would certainl be a ro riate attached to an ultrasound energy source, a mechanical 

wou ce am y e appropria e. vibration or oscillation source, or any combination thereof. 

Peel-Awav Sheath Separating member (800) can even be connected to a manual 

65 or automated deploying force so to assist its expansion from 

A desirable but optional feature of the present invention is the first, collapsed configuration to the second, expanded 

shown in FIG. 12 as sheath (600). Sheath (600), in its most configuration. 
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Tissue separating member is shown in FIGS. 13A-13B as 
a single member obviously only capable of cutting an 
excised tissue specimen into two separate pieces and rotat- 
ing at the tissue distal end to excise the tissue from the body. 
It is within the scope of the present invention for the 
separating member to contain any number of additional 
members for cutting the tissue specimen into three or more 
pieces. An example of this is shown in FIG. 13C, wherein 
separating member (806) comprises a plurality of cutting 
elements (808) connected at distal pivoting connecting point 
(810). FIG. 13C shows this embodiment in a collapsed 
configuration while FIG. 13 D shows member (806) in its 
second, expanded configuration. An optional cutting surface 
(812) on distal end (804) can also be used to cut tissue. 

FIGS. 13E and 13 F, respectively, show collapsed and 
expanded versions of separating member (800) without any 
tissue removal member. This is a simple yet desirable 
configuration, in which separating member (800) is con- 
nected at each end to the distal end of access members (402) 
and (404). 

In all its embodiments, tissue separating member (800) 
may be used in conjunction with the ring cutting member 
(300) or alone to achieve the desired result of excising and 
cutting a tissue specimen, including rotating to cut the tissue 
specimen distal end, from the body. Member (800) may be 
used variously with or without RF energy. In addition, tissue 
may be pulled proximally through separating member (800) 
to separate or cut tissue as opposed to pushing the device 
d is tally through the tissue. 

Controller Box 

As shown generically in FIG, 1, controller box or driver 
unit (700) is a preferable component of the present inven- 
tion. In addition to the functions described above, controller 
box may serve various other functions such as providing a 
source of RF energy, a source of ultrasound energy, a source 
of mechanical energy, and the like. Mechanically, controller 
box (700) provides variously for rotation, translation, and 
vibration of cutting member (300), expansion and contrac- 
tion of ring (300) and/or tubular tissue removal member 
(100). It serves as a connecting site for the variously 
described energy sources to the inventive device, and can be 
automated to any desirable degree to assist the physician 
user to properly and safely use the invention. As generically 
described, it is appreciated that controller box (700) may 
additionally contain other features or perform other func- 
tions as necessary for the proper and safe use of the 
invention. An example of a device having such functions is 
found in U.S. Pat. No. 5,526,822, which is hereby incorpo- 
rated by reference. 

Procedure for Use 

FIGS. 14A through 14F show a generic method for using 
the tissue removal assembly of this invention. For the 
purposes of illustration, this description assumes that the 
user is removing a lesion found in breast tissue. The lesion 
(900) is found behind skin surface (902). Surrounding tissue 
is also shown. The generic device found in FIG. 1 is used for 
purposes of this description with the exception that tissue 
removal member (100) is in a simpler configuration con- 
sisting of only a single, expandable tubular member and that 
cutting member (300) is attached to the distal end of tissue 
removal member (100). The use, however, according to this 
invention is not significantly different when other variations 
of the device are used. 

FIG. 14A shows the assembled device ready for intro- 
duction to the skin surface. Shown is the expandable tissue 
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removal member (100) and trocar (200) with the attached 
cutting member and attached first and second access mem- 
bers (shown in dashed lines) not yet inserted in the proximal 
end of the tissue removal member (100). The device is 

5 positioned at the skin surface so that when the cutting 
member and expandable tissue removal member (100) 
expanded to its full diameter by axial rotation of second 
access member, the lesion (900) is within a circumference 
corresponding to that diameter. Tip (242) of localization 
wire (240) is also shown extending from trocar (200). 

FIG. 14B shows the assembled device after localization 
wire (240) has been extended completely through the lesion 
(900) under stereotactic guidance, and the trocar (200), 
tissue removal member (100) with cutting member and 
access members have penetrated the skin surface (902) and 

15 are approaching lesion (900). 

FIG. 14C shows the initial expansion of the collapsed 
cutting member (300) and the distal end of tissue removal 
member (100). This variation shows the use of an RF 

20 P owcrc d cutting member (300). A mechanical or ultrasound 
cutter may obviously be employed as well or instead of an 
RF-style cutter (300). The cutting member (300) and 
removal member (100) is first extended to the section of 
tissue distal to the lesion through the path cut by trocar (200) 

25 in a collapsed configuration. RF power is then applied to the 
cutting member (300), which is next rotated by a rotatable 
access member, after removal of optional sheath (600) (not 
shown), so to form a circular cut distal to lesion (900), This 
circular cut will be the end of the cylinder of tissue which is 

3Q ultimately removed. 

FIG. 14D shows axial movement of the cutting member 
(300) and the generally cylindrical tissue mass (904) formed 
as the cutting member (300) is simultaneously optionally 
rotated until the cutting member (300) is past lesion (900) 

35 during application of RF energy. 

FIG. 14E shows the collapsing and simultaneous rotation 
of cutting member (300) by axial rotation of second access 
member (404) during application of RF energy so to cut the 
tissue distal to lesion (900) and allow the physician user to 

40 remove the newly formed cylindrical tissue mass (904) 
surrounding lesion (900) from the breast. 

FIG. 14F shows the introduction of grasping member 
(400) to the distal end of the cylindrical tissue mass (904) 
containing lesion (900) and the removal of the cylindrical 

45 tissue mass (904) through the lumen of tissue removal 
member (100). In this instance, tissue removal member 
(100) is braided and radially expandable so to accommodate 
a tissue mass (904) which has a significantly larger diameter 
than its own diameter. This is a particularly attractive feature 

50 of the invention that obviates the need for making a large 
incision to remove a relatively large tissue mass (904). The 
tissue mass (904) may be cut into two or more additional 
pieces as it enters the tissue collection chamber by one or 
more tissue separating members (not shown). 

55 The entire assembly may then be removed from the 
incision or may be used to excise additional tissue from the 
site. Note that the tissue volume depicted in FIGS. 14A-F is 
generally football -shaped as is appropriate. However, espe- 
cially when used with RF, a tissue specimen shape generally 

60 approximating a right cylinder is possible. 

Ultrasound energy may also be utilized to assist in the 
cutting action of the cutting member (300). For instance, a 
source of ultrasound energy may be included in controller 
box (700), for instance, and selectively transmitted, alone or 

65 in conjunction with mechanical or RF-assisted cutting, to 
vibrate the cutting member (300) and surrounding tissue to 
facilitate cutting the tissue sample. 
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When used solely or in conjunction with mechanical 
cutting or ultrasound, RF energy may be utilized in the 
frequency range of about 500 Hz to about 500 KHz to assist 
in cutting the desired tissue. The appropriate power setting, 
frequency, and waveform may be selectively chosen by the 
physician user or automatically preset or selectable through 
controller box (700) or any commercially available RF 
controller device. 

Alternatively, or in addition to RF cutting, RF energy can 
be selectively used to cauterize the cut tissue in the remain- 
ing cavity in the vicinity of the excision margin to minimize 
trauma, control unnecessary bleeding, and to prevent hemo- 
toma formation. An example of the use of RF energy for 
such an application is more thoroughly described in U.S. 
Pat. Nos. 5,085,659, 5,569,244 and 5,578,030, the entirety 
of each hereby incorporated by reference. This can be done 
not only during the tissue accession and removal steps, but 
after the tissue specimen is removed from the body. In 
addition to or instead of using the present inventive device 
for such cautery, any typical electrocautery probe as is 
well-known in the art may be used. 

Prior to, during, or after such cauterization, the remaining 
cavity may be examined with an endoscope or other appro- 
priate viewing device so to assist the user physician in 
locating bleeders. Once the physician user is satisfied that 
the remaining cavity is properly cauterized, the cavity may 
be alternatively packed with appropriate biologically inert 
packing material, such as a fibrin-collagen matrix, to further 
prevent unnecessary bleeding, minimize the possibility of 
hemotoma formation, and to help prevent dimpling or defor- 
mation of the breast. 

The entire procedure can be accomplished while the 
patient is under local anesthesia. The device is capable of 
being utilized stereotactically or under ultrasound guidance. 
In addition, the device is capable of computer control so that 
even more precise operation may be accomplished. 

The invention herein has been described by examples and 
a particularly desired way of practicing the invention has 
been described. However, the invention as claimed herein is 
not loaded to that specific description in any manner. 
Equivalence to the description as hereinafter claimed is 
considered to be within the scope of protection of this patent. 

We claim as our invention: 

1. A procedure for removing tissue from a selected 
internal tissue region, comprising the steps of: 

a) introducing to a position adjacent a selected internal 
tissue region, a trocar, a localization wire, an expand- 
able tissue removal member having an enclosing 
sheath, and a cutting member, the cutting member 
movable between a collapsed first position and an 
expanded second position, 

b) inserting the localization wire through the selected 
internal tissue region, 

c) withdrawing the trocar from the position adjacent the 
selected internal tissue region, 

d) removing the enclosing sheath from the tissue removal 
member, 

e) moving the cutting member to cut a discrete tissue mass 
in the selected internal tissue region having a diameter 
generally greater than the expandable tissue removal 
member, and 

f) removing the discrete tissue mass through the tissue 
removal member. 

2. The procedure of claim 1 where the enclosing sheath is 
partially removed. 
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3. The procedure of claim 1 where the enclosing sheath is 
completely removed. 

4. The procedure of claim 1 where the cutting member is 
a radio frequency cutter. 

5. The procedure of claim 4 where the radio frequency 
cutter further comprises a mechanical blade. 

6. The procedure of claim 1 where the cutting member is 
a mechanical blade. 

7. The procedure of claim 6 further including the step of 
vibrating the mechanical blade cutting member. 

8. The procedure of claim 6 further including the step of 
rotating the mechanical blade cutting member. 

9. The procedure of claim 6 where the cutting member is 
an ultrasound cutter. 

10. The procedure of claim 6 where the tissue removal 
member is a braided, expandable tubular member. 

11. The procedure of claim 6 further including the step of 
placing the discrete tissue mass in a tissue collection cham- 
ber. 

12. The procedure of claim 11 further including the step 
of delivering the tissue collection chamber containing the 
discrete tissue mass to a laboratory for analysis. 

13. The procedure of claim 6 further including the step of 
further cutting the discrete tissue mass into one or more 
smaller pieces. 

14. The procedure of claim 6 wherein the discrete tissue 
mass is generally cylindrical. 

15. The procedure of claim 6 wherein the discrete tissue 
mass is football-shaped. 

16. The procedure of claim 6 further comprising the steps 

of: 

(g) moving and advancing the cutting member to cut a 
second discrete tissue mass, 

(h) removing the second discrete tissue mass, and 

(i) removing the expandable tissue removal member. 

17. The procedure of claim 6 wherein step (f) comprises 
using a tissue manipulation device to assist removing the 
discrete tissue mass through the proximal end of said 
expandable tissue removal member. 

18. The procedure of claim 6 wherein the discrete tissue 
mass is not penetrated by the cutting member. 

19. A procedure for removing tissue from a selected 
internal tissue region, comprising the steps of: 

a) introducing, to a position adjacent the selected internal 
tissue region, a tissue removal assembly, said assembly 
comprising: 

a cutting member moveable between a collapsed first 
position and an expanded second position, the cut- 
ting member having a first end, a second end, and at 
least one cutting surface, 

a first access member having a longitudinal axis, a 
proximal end, and a distal end, the distal end of 
which is fixed to the first end of the cutting member, 
and a second access member having a longitudinal 
axis, a proximal end and a distal end, the distal end 
of which is fixed to the second end of the cutting 
member; the second access member axially rotatable 
about the longitudinal axis so that axial rotation of 
the second access member will move the cutting 
member between the collapsed first position and the 
expanded second position, 

b) moving the cutting member to cut a discrete tissue mass 
in the selected internal tissue regional, and 

c) removing the discrete tissue mass. 

20. A procedure for removing tissue from a selected 
internal tissue region, comprising the steps of: 
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a) introducing, to a position adjacent the selected internal 
tissue region, a cutting member attached to two shafts 
and movable between a collapsed first position and an 
expanded second position, 

b) moving the cutting member longitudinally with respect 
to the shafts to cut a tissue mass in the selected internal 
tissue region, and 

c) removing the tissue mass. 

21. The procedure of claim 20 where the cutting member 
is a radio frequency cutter. 

22. The procedure of claim 21 where the radio frequency 
cutter further comprises a mechanical blade. 

23. The procedure of claim 21 where the cutting member 
is a mechanical blade. 

24. The procedure of claim 23 further including the step 
of vibrating the mechanical blade cutting member. 

25. The procedure of claim 23 further including the step 
of rotating the mechanical blade cutting member. 

26. The procedure of claim 20 where the cutting member 
is an ultrasound cutter. 

27. The procedure of claim 20 further including the step 
of placing the tissue mass in a tissue collection chamber, 

28. The procedure of claim 27 further including the step 
of delivering the tissue collection chamber containing the 
tissue mass to a laboratory. 

29. The procedure of claim 20 further including the step 
of further cutting the tissue mass into one or more smaller 
pieces. 

30. The procedure of claim 20 further including the step 
of introducing a tissue removal member to a position adja- 
cent the selected internal tissue region. 

31. The procedure of claim 30 wherein the tissue mass is 
removed through the tissue removal member. 

32. The procedure of claim 30 wherein the tissue mass has 
a diameter generally greater than a diameter of the tissue 
removal member. 

33. The procedure of claim 30 where the tissue removal 
member is a braided, expandable tubular member. 

34. The procedure of claim 20 wherein the tissue mass is 
generally cylindrical. 

35. The procedure of claim 20 wherein the tissue mass is 
football-shaped. 

36. The procedure of claim 20 wherein the position 
adjacent the selected internal tissue region is proximal of the 
selected internal tissue region. 

37. The procedure of claim 20 wherein the tissue mass is 
not penetrated by the cutting member. 

38. The procedure of claim 20 wherein at least steps (a) 
through (b) are performed under stereotactic x-ray guidance. 

39. The procedure of claim 20 wherein at least said steps 
(a) through (b) are performed under ultrasound guidance. 

40. The procedure of claim 20 additionally comprising the 
step of cauterizing the tissue surrounding a cavity remaining 
after removing the tissue mass. 

41. The procedure of claim 20 additionally comprising the 
step of packing a tissue cavity with biologically inert pack- 
ing material, said cavity remaining after removing the tissue 
mass. 

42. A procedure for removing tissue from a selected 
internal tissue region, comprising the steps of: 

a) introducing, to a position adjacent the selected internal 
tissue region, a cutting member movable between a 
collapsed first position and an expanded second 
position, 

b) moving the cutting member to cut a single discrete 
integral tissue specimen in the selected internal tissue 
region. 



20 



c) removing the tissue specimen, and 

d) packing a tissue cavity with biologically inert packing 
material, said cavity remaining after the removing the 
tissue specimen. 

5 43. The procedure of claim 42 wherein said packing 
material comprises a fibrin-collagen matrix. 

44. The procedure of 42 wherein said packing material is 
inserted to prevent unnecessary bleeding. 

45. Tne procedure of 42 wherein said packing material is 
10 inserted to minimize the possibility of hematoma formation. 

46. The procedure of 42 wherein said packing material is 
inserted to help prevent dimpling or deformation. 

47. A procedure for removing tissue from a selected 
internal tissue region in a patient's breast, comprising the 

is steps of: 

a) introducing an expandable percutaneous tissue removal 
device into the patient's breast, 

b) using the device to cut tissue in the selected internal 
tissue region, 

c) removing the cut tissue, thereby creating a tissue cavity, 
and 

d) preventing dimpling or deformation of the breast by 
packing the tissue cavity with inert packing material, 

25 wherein the inert packing material comprises a fibrin- 
collagen matrix. 

48. A procedure for removing tissue from a selected 
internal tissue region, comprising the steps of: 

a) introducing, to a position adjacent the selected internal 
30 tissue region, a cutting member movable between a 
collapsed first position and expanded second position, 
wherein the cutting member is a radio frequency cutter 
further comprising a mechanical blade, and tissue 
removal member, 
35 b) moving the cutting member to cut a discrete tissue mass 
in the selected internal tissue region, wherein the tissue 
mass has a diameter generally greater than the diameter 
of the tissue removal member, and 
c) removing the tissue mass through the tissue removal 
40 member. 

49. A procedure for removing tissue from a selected 
in te real tissue region, comprising the steps of: 

a) introducing, to a position adjacent the selected internal 
tissue region, a cutting member movable between a 
collapsed first position and an expanded second 
position, and a tissue removal member, wherein the 
tissue removal member is a braided, expandable tubular 
member, 

b) moving the cutting member to cut a discrete tissue mass 
in the selected internal tissue region, wherein the tissue 
mass has a diameter generally greater than the diameter 
of the tissue removal member, and 

c) removing the tissue mass through the tissue removal 
member. 

50. A procedure for removing tissue from a selected 
internal tissue region, comprising the steps of: 

a) introducing, to a position adjacent the selected internal 
tissue region, a cutting member movable between a 

60 collapsed first position and an expanded second 
position, and a tissue removal member, 

b) moving the cutting member to cut a discrete tissue mass 
in the selected internal tissue region, wherein the tissue 
mass has a diameter generally greater than the diameter 

65 of the tissue removal member, 

c) removing the tissue mass through the tissue removal 
member, and 
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d) packing a tissue cavity with biologically inert packing 
material, said cavity remaining after removing the 
tissue mass. 

51. A procedure for removing tissue from a selected 
internal tissue region, comprising the steps of: 

a) making an incision in a skin region in proximity to the 
selected internal tissue region; 

b) introducing, through the incision, to a position adjacent 
the selected internal tissue region, a cutting member 
movable between a collapsed first position and an 
expanded second position, wherein the cutting member 
is a radio frequency cutter further comprising a 
mechanical blade; 

c) moving the cutting member to cut a discrete tissue mass 
in the selected internal tissue region, wherein the diam- 
eter of the discrete tissue mass is larger than the size of 
the incision; and 

d) removing the tissue mass through the incision. 

52. A procedure for removing tissue from a selected 
internal tissue region, comprising the steps of: 

a) making an incision in a skin region in proximity to the 
selected internal tissue region; 

b) introducing, through the incision, to a position adjacent 
the selected internal tissue region, a cutting member 
movable between a collapsed first position and an 
expanded second position, 

c) introducing a tissue removal member to a position 
adjacent the selected internal tissue region tissue 
region. 

d) moving the cutting member to cut a discrete tissue mass 
in the selected internal tissue region, wherein the diam- 
eter of the discrete tissue mass is larger than the size of 
the incision and wherein the discrete tissue mass has a 
diameter generally greater than the diameter of the 
tissue removal member; and 

e) removing the tissue mass through the incision. 
S$. The procedure of claim 52 where the tissue removal 

member is a braided, expandable tubular member. 

54. A procedure for removing tissue from a selected 
internal tissue region, comprising the steps of: 

a) making an incision in a skin region in proximity to the 
selected internal tissue region; 

b) introducing, through the incision, to a position adjacent 45 
the selected internal tissue region, a cutting member 
movable between a collapsed first position and an 
expanded second position, 
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c) moving the cutting member to cut a discrete tissue mass 
in the selected internal tissue region, wherein the diam- 
eter of the discrete tissue mass is larger than the size of 
the incision, 

d) removing the tissue mass through the incision; and 

e) packing a tissue cavity with biologically inert packing 
material, said cavity remaining after removing the 
tissue mass. 

55. A procedure for removing tissue from a selected 
internal tissue region, comprising the steps of: 

a) introducing, to a position adjacent the selected internal 
tissue region, a cutting member movable between a 
collapsed first position and an expanded second 
position, wherein said cutting member is oriented about 
an axis, 

b) axially moving the cutting member along the axis to cut 
a single discrete integral tissue specimen in the selected 
internal tissue region, and 

c) removing the tissue specimen. 

56. A procedure for removing tissue from a selected 
internal tissue region, comprising the steps of: 

a) introducing, to a position adjacent the selected internal 
tissue region, a cutting member movable between a 
collapsed first position and an expanded second 
position, wherein the cutting member is a radio fre- 
quency cutter further comprising a mechanical blade, 

b) moving the cutter member to cut a single discrete 
integral tissue specimen in the selected internal tissue 
region, and 

c) removing the tissue specimen. 

57. A procedure for removing tissue from a selected 
internal tissue region, comprising the steps of: 

a) introducing, to a position adjacent the selected internal 
tissue region, a cutting member movable between a 
collapsed first position and an expanded second 
position, 

b) introducing a tissue removal member to a position 
adjacent the selected internal tissue region wherein the 
tissue removal member is a braided, expandable tubular 
member, 

c) moving the cutting member to cut a single discrete 
integral tissue specimen in the selected internal tissue 
region, and 

d) removing the tissue specimen. 
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